Patients with chronic obstructive pulmonary disease (COPD) and chronic kidney disease (CKD) share common risk factors. However, there is limited information about COPD and CKD. This is case-cohort study was carried out using the Taiwanese National Health Insurance Research Database to evaluate the correlation between COPD and CKD. We identified cases aged older than 40 years who had an inpatient hospitalization with a first-time COPD diagnosis between 1998 and 2008. Control were selected from hospitalized patients without COPD or CKD and were matched according to age, gender, and year of admission at a 2:1 ratio. Cox proportional hazards model was used to assess the association of CKD and COPD. The overall incidence of CKD was higher in the COPD group (470.9 per 10 4 person-years) than in the non-COPD group (287.52 per 10 4 person-years). The adjusted hazard ratio of case was 1.61 (P < 0.0001) times that of control. COPD was found to be associated with kidney disease from our follow-up. To detect CKD early, early diagnosis of CKD in patients with COPD and prompt initiation of monitoring and treatment are imperative.
Discussion
To our knowledge, the present study is the first nationwide population-based study to address the association between COPD and CKD, and we provided the incidence rate of CKD in patients with COPD with a long-term follow-up period. In the study, patients with COPD have a 1.61 times higher risk of developing CKD than those without COPD, after adjusting for clinical risk factors. Previous studies 12 have shown that baseline age, glomerular filtration rate (GFR), body mass index, diabetes, and smoking were related to the development of kidney disease. Otherwise, the long-term and averaged risk factors that were predictive of kidney disease included hypertension, hyperlipidemia, and diabetes. Our studies indicate that COPD is a risk factor for the development of CKD.
Only one study 4 has reported that COPD is moderately associated with CKD in a population of vascular surgery patients, and moderate or severe COPD are related to increased mortality in patients with CKD. Our study case is a representative nationwide population of COPD compared with a matched cohort. In a previous study 4 , a borderline significant relationship was found between mild COPD and CKD, while moderate COPD had a higher risk of CKD (mild COPD and CKD: OR: 1.23, 95% CI, 0.99-1.53, P = 0.06; moderate COPD and CKD: 1.33, 95% CI, 1.07-1.65, P = 0.01) and no significant association was found between severe COPD and CKD.
In a previous study 13 , 300 patients with COPD were included, and their GFR was estimated. Patients were categorized according to their renal function as normal renal function, concealed chronic renal failure or overt chronic renal failure, and their prevalence rates were 54%, 26% and 20%, respectively. This was a single-center study with a small sample size, and the focus was on the chronic renal failure in patients with COPD. Another retrospective study 14 was conducted between February 2006 and September 2007, and a total of 433 COPD patients and 233 subjects without COPD, were examined. The prevalence of having GFR < 60 was 9.6% in female patients with COPD and 5.1% in male patients with COPD patients. The authors reported that female sex, higher age, cachexia, and the inflammatory markers were associated with a higher risk of renal failure (GFR < 60) after multivariable analysis. The study also investigated the relationship between COPD and renal failure with a limited case number. Yoshizawa, et al. 15 enrolled 108 patients with COPD and the prevalence of CKD was 31% with an odds ratio of 4.91. Our study showed the incidence of CKD in patients with COPD was 470.9 per 10,000 person-years and adjusted HR of CKD in patients with COPD was 1.61.
Smoking is an important risk factor for COPD 16 , and it also increases the risk of CKD 12 . Because smoking history was not available in our database, it is possible that some of the effects of CKD development observed in our study were due to the effect of smoking. In a cross-sectional, random-sampled interview survey, the female smoking rate was 4.8% in Taiwan 17 . In our study, the results of subgroup analysis included females only and revealed that COPD is still an independent risk factor of CKD with an adjusted HR 1.54 (95% CI, 1.35-1.68). Although the subgroup analysis cannot fully explain the confounding factor, the current findings still suggest that COPD itself or the systemic inflammation response plays an important role in the development of CKD.
Another finding in the present study is that the incidence of CKD increases with age in patients with COPD, regardless of gender and comorbidities. However, when stratified by gender and age, we found that female patients with COPD had the highest hazard of CKD in the population aged 60-69 years (adjusted HR: 1.93) compared with other age groups. A study including a nationally representative sample of noninstitutionalized adults 18 showed that the prevalence of CKD rises dramatically with age. However, another study found that female patients with COPD have a higher mortality than males, suggesting that the protective effect of being female is lost in chronic obstructive pulmonary disease patients 19 . Together, these findings suggest all-cause mortality before the development of CKD in female patients with COPD older than 70 years and the highest incidence of CKD was found in the 60 to 69 years age group. The high incidence of CKD in the elderly might reflect a greater presence of other age-related CKD risk factors such as hypertension and diabetes in the general population and patients with COPD 20 . Otherwise, the development of CKD in the older age groups may be due to age-associated decline in renal function, which cannot be explained by other known risk factors 21 .
There are some possible reasons to delineate the relationship between COPD and CKD. First, patients with COPD may have coexistent diabetes or hypertension, possibly increasing the risk of CKD development. Previous studies have shown that patients with sleep apnea increased the likelihood of CKD whether meeting criteria for diabetes or hypertension [22] [23] [24] [25] . After adjusting for important risk factors, patients with COPD have a higher risk of developing CKD in our study. Second, the inflammatory cytokine tumor necrosis factor-alpha [26] [27] was identified as a key mediator for atherosclerosis, and transforming growth factor (TGF)-β has been implicated in the development of COPD and atherosclerosis patients with COPD [28] [29] [30] . Atherosclerotic change was observed in the disease process of COPD. These cytokines are speculated to mediate the pathogenesis of COPD and CKD 4 . Although the finding has not yet been confirmed, it is possible that kidneys may be injured by damage to the blood vessels via the inflammatory process, increasing the risk of developing CKD. COPD are at increased risk of kidney injury especially among patients with hypoxemia and renal-endocrine mechanisms, tissue hypoxia, vascular rigidity have roles in the pathophysiology 31 . The present study has some limitations. First, glomerular filtration rates, pulmonary function tests, and laboratory data were not available. Therefore, studies of the diagnostic accuracy of COPD and CKD will be criticized. Because there is no laboratory data at baseline, especially GFR or creatinine, there is a possibility that the baseline GFR of non-COPD is lower than that of COPD. Some of the limitations of the ICD codes as diagnostic criteria of CKD are that the severity of CKD are not clear, under diagnosis of CKD, the degree of smoking, dietary habits and the amount of nonsteroidal anti-inflammatory drugs are not known in the database. Because smoking history was not available in our database, it is possible that some of the effects of CKD development observed in our study were due to the effect of smoking and the portion of smoking in COPD might be higher than that in non-COPD, which might affect the results of this study. In the retrospective cohort study, selection bias and misclassification or information bias may occur. The ICD-9 codes used for COPD diagnosis have been extensively employed in other studies, and the internal findings also support the coding validity [32] [33] [34] . These criteria have been used in other studies and were previously described in detail 3, 35 . Previous studies have used claims database to assess the epidemiology of chronic kidney disease 36, 37 and found that claims data can be used to identify patients with CKD because of a high positive predictive value 38, 39 . Second, there is no staging of CKD and the severity of COPD. Because of the database limitation, we cannot explore staging of CKD following the diagnosis of CKD to facilitate appropriate treatment and monitoring of the patient. The association between COPD severity and CKD are also lacking. Third, non-COPD cohort seems to have a significantly different level of urbanization and urban residents may theoretically have a better access to health care and services than do residents in rural areas. This may reduce overall risk of developing CKD. We believe that the large number of samples drawn from the population and the exhaustive patient enrollment ensure that the data show a normal distribution and that the results are significant. Otherwise, we omission to include asthma as a relevant comorbidity. There has been increasing attention for the Table 3 . Incidence of CKD stratified by male or female at different age stratification, and with comorbidities at different age stratification, with the hazard ratio for patients with COPD compared with those without COPD. PY, per 10,000 person-years; HR, hazard ratio.
Figure 2. The cumulative incidence of CKD in patients with and without COPD.
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Asthma-COPD Overlap Syndrome (ACOS). Notably, a recent study showed that a concurrent asthma diagnosis was associated with lower risk of chronic kidney disease 40 .
Patients with COPD were found to be associated with kidney disease, and inflammation may contribute to the pathogenesis. Patients with COPD have a 1.6 times higher risk of developing CKD than those without COPD. The molecular mechanism of COPD and CKD needs more study to elucidate the pathway in more detail, and prospective studies with a longer follow-up duration are warranted to investigate the causality. We excluded patients who were diagnosed with COPD or CKD (ICD-9: 403-404, 580-587, 250.4, 274.1, 440.1, 442.1, 572.4 and 753.1) before the index date. The control group were selected from hospitalized patients without COPD or CKD and were matched according to age, gender, and the year of admission at a 2:1 ratio. Patients in this study were followed until a diagnosis of CKD was made, death occurred, December 31, 2009, was reached, or they withdrew from the national health insurance. Patient comorbidities were identified according to the diagnostic code as one inpatient diagnosis and one outpatient diagnosis one year before the index date (Supplementary eTable 1 online). Comorbidities included hypertension, diabetes, hyperlipidemia, chronic liver disease, stroke (ischemic and hemorrhagic), CAD, cancer, gout, PVD, and sleep apnea. Otherwise, we evaluated the demographic characteristics in patients with or without COPD, including gender, age stratification (40-49, 50-59, 60-69, and over 70 years), and urbanization.
Materials and Methods
Statistics. The risk of CKD in the COPD and non-COPD groups was examined during the 11-year follow-up.
Correlations with age, comorbidities and demographic characteristics were also determined in this study. All data were expressed as the frequency (percentage), mean and SD. Continuous and categorical variables were compared between the COPD and non-COPD groups using Student's t-test and chi-square test, as appropriate. The incident rate of CKD was calculated as the number of CKD in total COPD patients and divided by the total person-years (per 10 4 person-years). HR is a measure of relative risk over time in circumstances where we are interested not only in the total number of events, but in their timing as well. Therefore, we use cox proportional hazards model using univariate and multivariate analysis to assess the HR of CKD between the case and control groups during the follow-up. We also adjusted age group, gender, urbanization, hypertension, diabetes, hyperlipidemia, chronic liver disease, stroke (ischemic and hemorrhagic), CAD, cancer, gout, PVD, and sleep apnea in Cox proportional hazards model. To assess the robustness of the outcomes, a subgroup analysis was performed including age stratification (40-49, 50-59, 60-69, ≥ 70), gender (male/female), comorbidities (those with and without hypertension, diabetes, hyperlipidemia, chronic liver disease, stroke, CAD, cancer, gout, PVD, and sleep apnea), male at different age stratification, female at different age stratification, and with comorbidities at different age stratification. The difference in the cumulative incident rate of CKD between the case and control groups was calculated using Kaplan-Meier (KM) estimates. KM estimates were used to generate time-to-event curves for the each outcome and were tested using the log-rank test. All populations in which no predefined CKD or death occurred before the end of the study period (i.e., December 31, 2009) were censored. Analyses and calculations were performed using SAS ver. 9.4 (SAS Institute, Inc., Cary, NC, USA). Statistical significance was inferred at a two-sided p value less than 0.05.
